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u{w x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u{w=¯6l nqprv@olmxw`¯¦Nbﬂ}ﬃnqxu{w@n^u{ª
nrbﬂ«¬ª¾´µnqb9«¬bst©prbsz{w@w`bﬂx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l¯}ﬃzw@ouNa@z{nrxynﬂ³
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}rbst©pﬃzw`N«¬b °
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H
z}~b§bﬁÃo`}~b9n~nrb9¿z{n
adv`«¬prx`«¬bsnu{ª,pr]`b }~zNoxu }~z{w`{b§v`w@x¶p©²©¢¤£x¬pr]
N
w`uoob9n}~z{w@ouNa4«l¿oxnr@zp~tﬃ]`bs³ > bnrx¬adv`«zprb¥z
nrxa4@«¬x74@b9 a0bsox¬v@a zNtﬂtﬁbsnrntﬂu{w6pr}~u{«Kn~tﬃ]`b9a4b ,'£]`b9w z0@}ru6z{`t9z{nqp^uot9tﬁv`}ﬃnﬂ¢ zp¤zwmlprxa4bpr]`b9}rbxynzp
a0u6npu{w@bbﬂa0x¶prprb9}x¬wp~]`bw`bﬂp£ºuN}rËY¢m}~z{w@ouNa4«ltﬃ]`u6nqb9wz{a0u{w`4pr]@bw`uoob9n£^zx¬prxw`4pru>}~bﬁp~}~z{w@nra4x¬p9³
Âx{v`}~bnq]@u£n·p~]`b,}rb9«z¸l¯nrbﬁpnrx3*9bgª®u{}ox¬¨Ib9}rb9wNpw@bﬁp£1u{}~Ë0nrx+*ﬂb,x¬w z
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n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nr]`u£n pr]@b4}ﬃzp~x¬uuª1pr]@b4}~bﬂ«yz¸l=nrbﬁpu¦{b9}¤p~]`b>w`bﬁp£1u{}~Ë=nrx3*9bdª®uN}ox¶¨Ybﬂ}~bﬂw6pw`bﬂp£ºuN}rË=nrx3*9b0x¬w z
4 × 4
nﬃ6v@z}~b{³ .¤utﬂu{««¬xynqxu{w nﬂ¢zw =w`upr}ﬃzw@nra0xn~nrx¬uNw=bﬂ}~}ruN}~n¤z}~b4tﬂu{w@nrx`bﬂ}~b9³\^]`b0ox¬¨Ib9}rb9wNpz«{uN}rx¬pr]@a0n
nr]`u£¡nrxa4x«yz}^ b9}qª®uN}ra>z{w@tﬁbN³
)
n^bﬁÃo bst©p~b9¢ouNwo´;«xw`b,`}rv@w`x¬w@4f§|º$Ibﬂ}rª®u{}~a>n1 bﬂpqprb9}^pr]@z{wu{¨ ´U«x¬w`b
@}rv`w@x¬w` ¢Kzw@nqb9«¶ª¾´µnrbﬂ«b9t©p~b9 c1±gjnpﬃzw@@n xw¥Ibﬁp£1bﬂb9wK³*Âx{v`}~b4oxynq@«z¸lon¤pr]`b>n~za0bd z}ﬃza0bﬁp~bﬂ}ﬃn
@vopu{w z
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w`,f§|·$°®Iupqp~u{a ¢
}~b9 ²·uNw
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n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u{w`Nx¬w`prupr]`b4}~bﬂ«yz¸l nrbﬁpgª®u{},nrbﬂ«¬ª¾´Unrbﬂ«b9tﬁprb9 c1±gjÀ°®a0xy`o«b{¢
N}rb9bﬂw ²ﬁ¢uNwo´U«¬xw`b>`}~v`w`xw`=f§|· °®Iupqp~u{a ¢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w`b¯`}~v`w`x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l{b9«¬«u£¤² u{w
4 × 4
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  
ﬁﬀﬁﬁ&1
  	*)+ﬁ ﬁ ^			
 
wpr]@b4@}rb9¦6xu{v ngnrxa*v`«yzp~x¬uNw@nﬂ¢£1b0z{n~nqv`a0bs=Ibﬂ}rª®b9t©pp~}~z{w@nra4xyn~nqxu{wK¢Y£x¬pr]`uNvopzwml§bﬂ}~}~u{}ﬃnﬂ³
 
w }~b9z«
t9z{nrb9n9¢tﬁu{««xnrx¬uNw@n¯z{w@¿bﬂ}~}ruN}~n0uot9tﬁv`}ov`b=p~u `v`}ﬃnqpl pr}ﬃz(¯t{¢^ª¹z{oxw`@¢a0uN`x¬«x¬plFuN}nrx¬adv`«¶pﬃzw`b9u{v@n
p~}~z{w@nra4xyn~nqxu{w@n9³A>b§£x«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nrbﬂ«¬ª¾´µnqb9«¬bst©prbs­c1±gj¿x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{]mIu{}~]`umuoÀxa0`«¬xb9n¯pr]@zpzwml w@bﬂx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b{¢
lNbﬂ««¬u£¤²ﬁ¢ uNwo´;«xw`b¯`}~v`w`x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p
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p
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
pr]@b@}ruN@z`x«x¶pl pr] zp¯z¥Nx¬¦NbﬂwÀpr}ﬃzw@nra0xn~nqxu{wÀxn
tﬂu{}~}rbst©p~«¬l}rbstﬁb9x¬¦Nb9 ml§z¯{x¦{b9w=w`b9x¬N]6Iu{} w`uoob{³B>½]`b9w
p = 1
£ºbd]@z¸¦{bdbﬂ}~}ruN}ª®}rb9bp~}~z{w@nqa0xynrnrxu{wK³
>½]@bﬂw
p = 0
w`upr}ﬃzw nqa0xynrnrx¬uNwt9zw  b>}~b9tﬂbﬂx¦{b9¥ml¥zwml§w`uoobN³ > b¯z{n~nrv`a0bdp~]@zp,p~]`b>w`bﬂx{]mIu{}
xwoª®uN}ra>zp~x¬uNwbﬂÃ`tﬃ]@zw`Nb xyn^w`u{p¤nqv``b9t©p^p~u>bﬂ}~}ruN}g°Bov`b,pru>}~b9`v`w@`z{wNp]`b9«¬«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Âx{v`}~b Coxnr`«yz¸lonpr]`b^ª®}ﬃz{tﬁprxu{w4uªIpr]`bw`bﬂp£ºuN}rË}~b9tﬂbﬂx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p
x¬w zw@bﬁp£1u{}~Ë£x¬pr]F9N¯w`uoobsn uNwz
4 × 4
n6v@z{}rbN¢ ª®uN}gpr]`b>ox¬¨Ib9}rb9w6pc1±,j§plmIb9n9³
.¤up~xtﬂbpr] zpz«¬pr]`uNv`{]=nrbﬂ«¬ª¾´Unrbﬂ«b9tﬁprbsc1±gj=x¬wm¦Nu{«¦{ba0u{}~b*}~bﬂ«yz¸lw@um`b9n¤pr]@z{w=w`bﬂx{]mIu{}r´U`b9nrx¬Nw@zp~b9
f=|·°¹nrbﬂbG4@Nv`}~bN²©¢`x¬p~nª®}~zNt©p~x¬uNwu{ªtﬂu{}~}rbst©p}rbstﬁb9oprxu{w§o}~u{@n^adv@tﬃ]ª¹z{nqprb9}^pr]@z{w§£x¶p~]w@bﬂx{]m uN}q´
`b9nrx¬Nw@zp~b9f§|·³¸\u¤Ib1a4uN}rb·`}rbstﬁxynqbN¢¸£]`bﬂw
p
xyntﬂ«¬u6nqbQp~ud °®£]`xytﬃ]dnr]`u{v@«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w
O(1− p)
ª®uN}nqb9«¶ª¾´µnqb9«¬bst©p~b9§c1±gj z{w@x¬w
O((1 − p)2)
ª®uN} w@bﬂx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 z{nrx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l *9bﬂ}~ug£]@bﬂw
p = 0
¢pr]@xn·xn'`v`b^pru
z{wz{}qp~x¶ª¹zNt©pu{ª pr]@b*nqx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u{wpr]@zp¤z«£1z¸lon1x¬w tﬁ«v@ob,pr]@bx¬w`x¬prxyz« bﬂa0x¶prprb9}x¬wp~]`btﬁuN}r}~b9tﬁp^}~b9tﬂbﬂop~x¬uNw
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)
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p = exp(−λk)
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λ ≥ 0
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λ
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p~}~z(¯t £1bnq]@u{v`«y] z¸¦{b
p = p0 exp(−λk)
³
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